The activity of several yttrium alkoxide and arylorxide complexes supported by a ferrocene-based ligand incorporating two thiol phenolates, thiolfan (1,1'-di(2,4-di-tert-butyl-6-thiomethylenephenoxy)ferrocene), was studied. The t-butoxide complex could only be isolated in the ate form, while a monophenoxide complex could be obtained for OAr = 2,6-di-tert-butylphenolate. The synthetic utility of these yttrium complexes has been demonstrated by the ring-opening polymerization of cyclic esters with a high activity toward -caprolactone and -valerolactone being found for the yttrium phenoxide complex.
INTRODUCTION
Polyesters such as polycaprolactone (PCL) and polyvalerolactone (PVL) are considered "green materials" because they are biocompatible, readily biodegradable, and easily recyclable. [1] [2] [3] [4] The lack of toxicity of PCL makes it attractive as a matrix for drug delivery systems, especially since it is considerably less expensive than other biodegradable polyesters, such as polyglycolide, polylactide, or their copolymers. 5 Although tin and aluminum compounds have been widely used as catalysts in the ring-opening polymerization of cyclic esters, [6] [7] rare earth metal complexes represent an attractive choice due to their low toxicity, rich and diverse coordination chemistry, and high reactivity. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Among them, yttrium is relatively inexpensive, readily available, and shows promising reactivity. Ligand design is crucial to the activity of the resulting metal complexes. In our group, we have been interested in ferrocene-derived metal complexes because the ferrocene group provides a strong electronic donation and a unique geometry for the resulting metal complexes. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] Herein, we report the synthesis and characterization of new yttrium complexes supported by ferrocene-based ligands that are extremely active catalysts for the polymerization of ε-caprolactone or δ-valerolactone.
RESULTS AND DISCUSSION
Synthesis and characterization of metal complexes. The precursor H2(thiolfan) (1,1'-di(2,4-ditert-butyl-6-thiomethylenephenol)ferrocene) was previously used by our group as a supporting ligand for zirconium. 32 Its sodium salt was obtained by deprotonation with an excess amount of sodium hydride in THF, and then used in situ, after filtration, in a reaction with an equivalent amount of YCl3(THF)3 at ambient temperature (Eq 1). After removing the volatiles under a reduced pressure, the residue was extracted with toluene, and the filtrate was concentrated and layered with hexanes. Cooling down this solution to -30 ºC led to the precipitation of a pale yellow solid in high yield (84%). The product, (thiolfan)YCl(THF), was found to coordinate a THF molecule by NMR spectroscopy, but recrystallization using the procedure described above afforded a THF free compound. The solid state molecular structure 3 of [(thiolfan)YCl]2 indicates a dinuclear complex ( Figure 1) ; in solution, the structure has higher symmetry than in the solid state as attested by the presence of only two t-butyl peaks found for the four tbutyl groups. In addition, in (thiolfan)YCl (Figure 1 ), the two yttrium thiolfan fragments are held together by bridging chloride ligands in such a way that each metal ion adopts a distorted octahedral geometry with the two chlorides arranged cis to one another. The stoichiometric reaction of potassium t-butoxide with (thiolfan)YCl(THF) in toluene led to the formation of a yellow compound in 46% yield (Scheme 1): the 1 H NMR spectrum of the isolated product showed two sets of t-butoxide peaks; X-ray diffraction analysis confirmed that the product is the ate complex (thiolfan)Y(OtBu)2K (Figure 2 ). The solid state molecular structure of (thiolfan)Y(OtBu)2K ( Figure 2 ) shows a polymeric compound displaying potassium-arene interactions between repeating units, as observed for other ionic complexes by us 18, 23, 26, [33] [34] [35] and others. [36] [37] [38] [39] [40] [41] [42] The two t-butoxide ligands are equivalent; potassium interacts with both an intramolecular alkoxide oxygen donor and in an  We also attempted to generate a salt free t-butoxide compound by starting from the corresponding benzyl complex, however, only the formation of (thiolfan)YBn2K (Scheme 1, 81%) was observed.
Interestingly, (thiolfan)YBn2K crystallized as a cyclic tetramer (Figure 3 ), an unusual arrangement for ate complexes. [43] [44] [45] In (thiolfan)YBn2K, the potassium ion is bound to two benzyl ligands coordinated to different yttrium centers and to a phenolate ligand to form a bent sandwich diarene potassium fragment. Figure S15 ), however, attempts to isolate this product were unsuccessful because it decomposed while being manipulated ( Figure S16 ). Given the instability of (thiolfan)Y(OtBu), we reasoned that smaller alkoxides would be even less stable and did not attempt their synthesis. (Table 1) . It is important to mention that (thiolfan)Y(OAr) has an extremely high activity toward both monomers (Table 1, 
to the fact that the short reaction times do not allow all catalyst molecules to initiate and also to the fact that the high molecular weight polymers trap the catalyst. This proposal is supported by the fact that polymer molecular weights decrease somewhat with the decrease in reaction temperature (Table 1 , entries 5 and 6 versus 2), and with the increase of monomer : catalyst ratios (Table 1, entry 10 versus 2) .
The activity of (thiolfan)YOAr, which is capable to polymerize 1000 equivalents in 1 minute, is much higher than that of industrially used Sn(oct)2 [51] [52] and similar to that of other highly active yttrium catalysts. [53] [54] [55] [56] Although the OAr ligand is rather large and could have obstructed access of the monomer to the metal center, it is likely that the high activity is a consequence of the flexibility of the coordination sphere, in which the yttrium-sulphur distances are long, indicating weak bonds. Under similar conditions, the ate complex (thiolfan)Y(OtBu)2K was less active than (thiolfan)YOAr (Table 1, with narrow molecular weight distributions (polydispersity index, PDI = 1.1-1.4).
CONCLUSIONS
In conclusion, a series of novel yttrium complexes supported by an OSSO tetradentate dianionic Single crystals suitable for X-ray diffraction were grown from a concentrated toluene/hexanes solution. by the addition of wet hexanes and then poured into cold methanol (20 mL) to precipitate the polymer, which was dried under reduced pressure and weighed.
